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We describe MAGIC, an experimental system for gen-
erating multimedia briefings about the clinical status of
post-bypass patients entering a cardiac ICU. MAGIC is
a distributed system whose components use knowledge-
based techniquesforplanning andgenerating briefings
in text, speech, and graphics. These briefings are co-
ordinated together by reasoning with dynamically gen-
erated temporal and spatial constraints. Formative
evaluation using system mock-ups with ICU nurses
and residents have been used to determine the gen-
eralformat and content of these briefings. We present
an overview ofMAGIC's architecture and show what
it can currently generate.

INTRODUCTION

Caregivers are tremendous consumers of information,
requiring updates on patient clinical status, care plans,
and test results. However, it is often difficult forthem to
obtain only the information that they need in a concise
form. Our objective is to develop tools for automati-
cally producing multimedia briefings [1] that meet the
information needs of a variety of caregivers, includ-
ing different specialists and nurses. Through the use
of natural-language generation [2], knowledge-based
graphics generation [3], and knowledge representation
and reasoning systems [4], we are developing an ex-
perimental system that can dynamically determine at
run time what information to include in a multimedia
briefing, how to divide this information among differ-
ent media, and the form of the language and graphics
used.

In the following sections, we first provide an overview
of the domain in which we are working and an infor-
mal formative evaluation we carried out with potential
users of our system. We then describe the software
architecture and close with a case study of what the
system can currently generate.

DOMAIN

MAGIC (Multimedia Abstract Generation for Inten-
sive Care) was designed to provide post-operative in-
formation to hospital caregivers about CABG (Coro-
nary Artery Bypass Graft) patients. Just prior to the
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completion of CABG surgery and before the patient
is brought to the Cardiac ICU (Intensive Care Unit),
a number of medical providers must be updated on
the patient's status. These include ICU nurses, who
must prepare for the patient's arrival, and the patient's
cardiologist, who is offsite during surgery and must
be updated and informed about the patient's condi-
tion prior to the formulation of post-operative clinical
management plans. Other administrators and care spe-
cialists, who must assure that the appropriate personnel
and supplies are available in the ICU before the patient
arrives, also need to be informed.

During the critical hour just prior to patient transport,
only those caregivers who were present at the opera-
tion can provide this information. However, they are
typically busy and often unable to do so. This is the
time period when the patients are the most tenuous.
The last hour in the operating room and the first hour
in the ICU are critical to the patient's recovery. The
patient scenario is similar to the clinical constraints of
outpatient trauma treatment, where expediting and co-
ordinating patient transport and therapy is paramount.
There are clear advantages to providing timely, auto-
mated briefings for a variety of caregivers.

Our work takes advantage of the existing information
infrastructure in the cardiac OR (operating room) at
Columbia Presbyterian Medical Center. Patient vital
signs are monitored and automatically entered at regu-
lar intervals into the LifeLog database system (Modular
Instruments Inc.). This data-acquisition system records
operative events, procedures, medications, and quality
of care issues. In addition, the patient's pre-operative
condition is manually entered by the anesthesiologist.
Thus, on exiting the operating room, a detailed record
of the patient's status before, during, and on comple-
tion of surgery is available on-line. We are interested
in determining how to extract a selected set of this data
and prepare it for presentation to caregivers in a concise
and easily understandable form. Among the available
data are vital signs, bolus drugs, post-operative drugs,
intravenous lines, information about devices such as
a pacemaker or balloon pump, data from echocardio-
grams, and severity assessments.

We hypothesized that an appropriate combination of
written text, speech, static graphics, and animation,
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Figure 2: Layout for physician.

Figure 1: Layout for ICU nurse.

coordinated in a coherent multimedia briefing, could
be more effective for communicating the desired in-
formation than any of these individual media in iso-
lation. Given that different caregivers have different
tasks to carry out, one problem in developing a multi-
media briefing system is determining which informa-
tion should be presented to which caregivers and how
should it be organized. ICU nurses, for example, must
set up to receive the patient in the ICU ward, adjust
lines and be ready to immediately initiate or continue
post-operative drugs. They are concerned with the ex-
act procedures and medical orders to be carried out to
meet the immediate needs of the patient. Physicians,
on the other hand, are concerned with more prognostic
factors such as length ofbypass operation, various vital
signs, and severity assessments, all of which indicate
how well the patient is doing, patient response to med-
ications, and whether the operation went as expected.
Such indicators change the treatment physicians pre-
scribe.

To provide a characterization of the data needed for
each caregiver and to determine how important each
piece is, we developed an outline based on Weed's
problem list format. This SOAP (Subjective, Objec-
tive, Assessment, Plan) outline is taught to physicians
during medical school, and to other caregivers through-
out the medical domain. It requires that subjective in-
formation be presented first, then actual data, such as
lab reports, followed by assessment, and finally by an
actual plan of care. For nurses, a different outline was
developed, which specifies that tasks to carry out for
the benefit of the patient be presented first, followed by
a more cursory objective and assessment report.

Informal Formative Evaluation

To test our hypotheses about what data to present,
strategies for order of presentation, and how different
media can be used effectively, we carried out an in-
formal formative evaluation with both ICU nurses and
physicians (residents) who serve in the cardiac ICU.

For nurses, we presented information using a spatial
layout centered around the patient's body, which was
used to organize the various lines and devices (Fig.
1). We varied the amount of coordination between
speech, text and graphics among the various versions,
testing, for example, whether text on the screen should
duplicate speech. We used an approach where graphi-
cal information was incrementally presented with each
successive screen. For physicians, we used an organi-
zation of information along a time line (Fig. 2) as well
as a more abstract representation of patient status (not
shown). The time-line representation showed status
and procedures at different points during the course of
the operation, using insets and blow-ups to provide de-
tails on information such as vital signs or bolus drugs
at specific points in the operation.

Physicians indicated a definite preference for the time-
line presentation. Nurses indicated that they wanted
the summary display first, with all information shown
at once in overview form and details provided in suc-
cessive screens. In addition, we were told that we
needed to provide information as concisely as possible
in speech, since it takes time to hear. Their comments
indicated that precise, full descriptions of the partic-
ular devices (e.g., "ventricular pacemaker") could be
shown in text while speech could use shorter, more
colloquial expressions (e.g., "pacemaker").

SYSTEM ARCHITECTURE

MAGIC consists of several distributed system compo-
nents that work cooperatively on different sub-tasks of
generating multimedia briefings (Fig. 3). The entire
system is integrated using ILU (Inter-Language Unifi-
cation package) [5], which makes itpossible for the dif-
ferent components to share data structures and commu-
nicate efficiently across different hardware platforms
and implementation languages. Prototypes of individ-
ual components have been implemented and partially
integrated.

The data server accesses several medical databases for
collecting information about the patient's condition.
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Figure 3: MAGIC system architecture.

The data filter selects relevant and important parts of
this data, infers some new information, and creates a
hierarchical data structure called the patient data hier-
archy to represent them. The general content planner
uses the data hierarchy to build a presentation plan
that expresses the high-level communicative goals to
be accomplished by the multimedia briefing. The me-
dia allocator chooses one or more media to express
each communicative goal in the presentation plan.

Each of a set of medium-specific content planners can
expand the presentation plan by building detailed plans
for the communicative goals assigned to its medium.
Each medium-specific media generator uses these de-
tailed plans to generate its portion of the briefing. The
media coordinator ensures that the planners and gener-
ators of different media are consistent with each other.
Finally, the media conductor directs the presentation of
the material created for each medium so that a single
coherent multimedia briefing results.

The databases accessed by the data server include
LifeLog and patient databases at CPMC. The data filter
uses several built-in patient-independent hierarchies,
including the domain hierarchy and the concept hi-
erarchy, to create the patient-specific data hierarchy,
which is used by all subsequent components. The gen-
eral content planner selects a plan schema from the
plan library and instantiates it with the current data to
create the presentation plan. Ultimately, various sys-
tem components will rely on the information in the
user model to tailor the briefing being developed to the
preferences of the current user. They will also rely on a
constraint solver that represents the constraints among
the different parts of the presentation plan and ensures
that they are mutually consistent.

The domain hierarchy, which is partially drawn from
MED (Medical Entities Dictionary) [6], describes the
hierarchical grouping of relevant medical and patient
data. For example, it represents that the "demographic"
information about a patient consists of "name", "med-
ical record number", "gender", and "birth date", and

that the "name" in turn consists of "first name", "mid-
dle name", and "last name". The concept hierarchy
organizes related properties into hierarchical groups.
For example, it represents that a "number" could be ei-
ther an "integer" or "real". The data hierarchy, which
is made accessible to other system components, is cre-
ated by populating the domain hierarchy with patient-
specific data. The patient-specific data is collected
by the data server from several medical and patient
databases. Thus, other system components can effi-
ciently access the kind of information illustrated by the
above examples, as well as the actual patient data.

The presentation plan contains the structure of the en-
tire briefing. It includes the high-level communicative
goals as well the low-level tasks obtained by refining
them. This plan provides a common data structure for
different components to share information.

The presentation plan includes several temporal and
spatial constraints [7]; for example, the demographics
information should be displayed before the test results.
Although these constraints are generated by several
system components and at several different times, a
coherent briefing can be generated at the end only
if all these constraints are mutually consistent. The
constraint solver provides the central facility for repre-
senting these constraints and determining whether they
are consistent. Whenever a constraint is generated in
any system component, it is conveyed to the constraint
solver, which determines the consistency and returns
the result back. The system component may decide to
backtrack in case of inconsistency.

Since determining inconsistency is intractable in gen-
eral, the constraint solver uses an anytime algorithm
[4] that sometimes returns the result "maybe consis-
tent". The component that generated the constraint
may decide to wait for a definite answer, or may pro-
ceed further making some tentative assumption of its
own, which it must be willing to revoke when a differ-
ent definite answer is obtained. Given sufficient time,
the constraint solver will always return a definite an-
swer. The other system components can also query the
constraint solver to find out the constraints that already
exist.

The media allocator uses knowledge of various media
to distribute high level communicative goals among
the media. For example, the goal of conveying several
blood pressure values measured during the last 24 hours
is assigned to graphics, since some form of a graph or
a chart is most suitable for this task. Some important
information, for example, the name of the patient is
conveyed by both graphics and speech.

The media coordinator ensures that the various media-
specific content planners and generators are synchro-
nized together. It allows a component to access partial
plans developed by other components, so that it can
use this information in making its own choices. When
an inconsistency among the plans of different com-
ponents is detected, the media coordinator can make
the decision to roll back (backtrack) the plans of some
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Figure 4: Multimedia presentation generated by
MAGIC.

components.

We are planning to add user models that will represent
preferences of individual users and groups of users
about the content and format of the multimedia brief-
ings. In addition, a media conductor will "play" the
entire presentation plan so that all media are coordi-
nated together.

CASE STUDY

Fig. 4 shows the screen layout as the explanation be-
gins. The text shown at the bottom of the figure is
spoken, and the graphics are modified in conjunction
with the spoken output. For example, as the demo-
graphic information is conveyed, the entry or column
in the top table that corresponds to the speech is high-
lighted as the spoken reference is made. While the
first sentence is spoken, the first two columns of the
demographics chart are highlighted.
The first step in generating this explanation is to pro-
duce a presentation plan using the high-level content
planner. MAGIC generates a hierarchical plan con-
taining two main discourse goals: inform-overview
and inform-detailview. These goals are further bro-
ken down into substeps that direct the system to pro-
vide an overview of demographics, of the time frame,
and of the infusion lines. While these overall substeps
are temporally ordered by the content planner, the in-
formation to be communicated within these steps is

unordered and any of the media generators may decide
to reorder information within these steps. Note that the
presentation plan provides the discourse segments for
speech. (Currently MAGIC uses stored presentation
plans rather than generating them from first principles;
in the future, we will investigate how context or infor-
mation about the user may result in modification of the
plan.)

The graphics content planner determines that the de-
mographics are to be presented as a table (currently
using a pre-planned format) and the information about
the infusion lines and devices are to be presented in the
context of an abstract representation of the patient's
body. The graphics generator then lays out the table
and the representation of the patient.

The goal of both the speech content planner and the
speech generator is to produce a concise spoken sum-
mary. It is the job of the speech content planner to
group information from the plan into sentence-sized
chunks. It determines how much information can fit
into a sentence and where sentence boundaries should
be. To produce a concise summary (one that takes less
time to speak), the speech content planner attempts
to place more information into a single sentence us-
ing modifiers instead of generating separate sentences
for each piece of information (which would also be
possible). In the first sentence describing demograph-
ics, MAGIC groups together six attributes from the
LifeLog database (age, gender, medical history, sur-
geon, procedure, and name) into a single sentence
using adjectives to realize attributes where possible.
Note that these six attributes all appear under the goal
inform-demographics in the presentation plan. Thus,
medical history appears as two adjectives modifying
"female patient" although it could just as easily have
been realized as a separate sentence such as, "She has
both hypertension and diabetes."

The speech generator has the task ofselecting the words
and sentence structure to be used. In making word
choices, it takes into account that textual references
to each object will be generated as well and used as
labels on the illustrated object in the accompanying
graphics. Thus, for example, speech just says 'Two
IVs" while the textual labels spell out that they are
"peripheral." MAGIC uses Columbia's FUF/SURGE
language generation tools for this task [8, 9, 10].

RELATED WORK

A key feature of MAGIC is that both content and form
of the presentation are dynamically generated at run-
time, thus allowing output to be customized for the
current user and situation. In contrast, many interfaces
for healthcare applications rely on the more traditional
approach of retrieving pieces of canned text or stored
images. A few exceptions include research in lan-
guage generation on tailoring textual descriptions for
individual patients. In the HealthDoc project [11], the
aim is to produce customized patient education mate-
rial. Carenini et al. [12] also work on patient specific
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explanations, having developed a system which can
produce natural language descriptions ofmigraines and
respond to follow-up questions requesting further in-
formation. The interaction is tailored to the class of
migraine patients, the individual patient, and the pre-
vious dialogue.

There are a number of systems that, like MAGIC, dy-
namically generate the content and form of multime-
dia presentations, but not for healthcare applications.
SAGE, which provides textual and graphical presen-
tations of quantitative data, [13, 14], COMET, which
provides explanations of equipment maintenance and
repair, [15], and WIP, which provides explanation for
equipment operation, [16] are all knowledge-based
multimedia generation systems that coordinate writ-
ten text with static graphics. In contrast, in MAGIC,
the focus is on coordination of speech and animated
graphics, both temporal media. Weitzman and Witten-
burg [17] also handle media coordination in their work
on generating multimedia presentations. While they
can accommodate dynamic relationships among pre-
sentation elements, they do not support the ability to
replan a presentation as we do in MAGIC, and output
is also limited to static text and graphics.

CONCLUSION

We have described MAGIC, a system for generat-
ing multimedia briefings describing the status of post-
bypass patients entering a cardiac ICU. Preliminary
versions of most system components have been imple-
mented and can generate the text and graphics such
as that shown in Fig. 4. We are currently integrating
the entire system using ILU. We plan to field MAGIC
at Columbia-Presbyterian Medical Center and perform
user studies for evaluating its effectiveness.
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